In this study, the non-linear stability of three-layered conical shells with functionally graded core have not been investigated previously. The purpose of this paper is to study this problem. The large deection theory with von KarmanDonnell-type of kinematic non-linearity is used to deduce the basic equations. The basic equations are solved analytically by using superposition and Galerkin methods. The inuences of several parameters on the dimensionless non-linear critical axial loads are discussed.
Introduction
Layered composite structures are commonly used in many kinds of engineering structures. In conventional laminated composite structures, homogeneous elastic lamina are bonded together to obtain enhanced mechanical properties. However, the abrupt change in material properties across the interface between dierent materials can result in large inter-laminar stresses leading to delamination. One way to overcome these adverse effects is to use functionally graded materials (FGMs) in which material properties vary continuously. This may be achieved by gradually changing the volume fraction of the constituent materials, usually in the thickness direction only. This advantage eliminates interface problems of composite materials and thus the stress distribution becomes smooth. Used as interfacial zones and coatings, they can help to reduce mechanically and thermally induced stresses caused by the material property mismatch and to improve the bonding strength.
The concept of FGMs was rst introduced by a group of Japanese scientists in 1984 [1] . Due to the increased relevance of the FGMs structural components in the design of aerospace structures, their non-linear (NL) behaviors have attracted the attention of many scientists [2, 3] . From a technical point of view, to determine the NL critical load of truncated conical shells requires more complex mathematical operations and calculations. Thus the stability of FGM conical shells is quite limited in the geometrical NL formulation [4] . From the literature survey, one can see that the NL stability of layered conical shells with FG core have not been investigated previously.
The purpose of this paper is to study this problem. The large deection theory with von KarmanDonnell-type of * corresponding author; e-mail: asofiyev@mmf.sdu.edu.tr kinematic non-linearity is used to deduce the basic equations. Basic equations are solved by using superposition and Galerkin methods. 
The non-linear basic equations of three-layered truncated conical shells with a FG core can be written in the form as Fig. 1 . The cross-section of three-layered conical shell with a FG core and nomenclature.
where c i , b i , i = 1, 2, . . . , 6 are parameters, which included the following denitions:
Solution of basic equations
Due to the three-layered truncated conical shell with a FG core is satised simply-supported boundary conditions, the solution of Eq. (3) is sought in the following form:
where f 1 and f 2 are unknown amplitudes of the displacement w. Here, the rst term corresponds to that used in the buckling theory of innitesimal deections. The second term reects the preferred inward bulging of the conical shell when the displacements become large and the following denitions apply:
, where m is the number of half-waves along a generatrix and n is the number of full-waves along a parallel circle.
where T 0 is axial load, K i (i = 1, 2, . . . , 102) are parameters depending on FG core properties and shell characteristics [4] .
Taking into account (5) and (6) sionless NL critical axial load of three-layered truncated conical shell with a FG core, the following expression is obtained:
where the following denitions apply:
In determination of the lower limit of the nonlinear stability, Eq. (7) minimized with respect to wave numbers (m, n).
As the non-linear terms are neglected in Eq. (7), the following expression is obtained for the dimensionless linear critical axial load of the truncated conical shell with a FG core:
Numerical computations and results
In this subsection, the numerical computations, for dimensionless L and NL critical axial loads of the pure metal, pure ceramic, pure FG truncated conical shells and three-layered truncated conical shells with a FG core have been carried out using expressions (7) and (9) 
TABLE
Variations of the dimensionless L and NL critical axial loads, their ratios and corresponding wave numbers for the single-layer pure ceramic, pure metal, pure FG and three-layered S/FG/T truncated conical shells versus h/hFG. 
